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Statistical studies have shown that the most common cause 
of bridge failures has resulted from the removal of bed 
material around bridge foundations. The researchers 
usually have tried to investigate the maximum scour depth 
around the bridge piers. As bridge failures result in costly 
and potentially fatal, in last decades some investigators have 
studied on scour countermeasures to reduce the maximum 
scour depth around the bridge structures [2, 5, 6, 10]. 
   Various methods have been attempted to control scouring 
around bridge foundations, such as using riprap, slots 
through the bridge structures, a group of small piles in front 
of the bridge structures, and collars. In this study the 
effectiveness of collars placed on the sacrificial piles and also 
sacrificial piles placed upstream of the bridge piers on the 
local scour around the bridge piers were investigated. 
    Experiments were carried out near the threshold of 
sediment motion with two circular piers having diameters of 
D=5 cm and 10 cm. The size of the sacrificial piles are d=1 
cm, 2 cm, 3 cm, 4 cm and 8 cm for D=10 cm and d=1 cm, 1.5 
cm, 2 cm, 3 cm and 4 cm for D=5 cm. The distance between 
the pier and sacrificial pile from center to center, L=30 cm 
and 20 cm for D=10 cm, and 15 cm for D=5 cm. Some 
additional experiments were also performed to see the effect 
of the collar placed on sacrificial piles on reducing the 
maximum scour depth around the pier.  
   It was observed that when the sacrificial pile placed at a 
distance of 2D and 3D, it could reduce the maximum scour 
depth around the pier about 35% and 25% compared to the 
unprotected pier, respectively. When the collar is placed 
around the sacrificial pile, its protecting capacity of the pier 
is increasing significantly. 
I. INTRODUCTION 
Scour at a pier can cause damage or failure of bridges 
and result in excessive repairs, loss of accessibility, or 
even death [15]. So, after selecting the dimension of the 
pier, additional arrangements must be considered to 
prevent the formation of the excessive scour hole thereby 
permitting smaller foundation depths.  
Successful applications of collars and sacrificial piles to 
reduce the local scour depth have been investigated by 
several researchers [3, 11]. In 1992, Reference [14] 
studied the effect of slot and a collar. He showed that, the 
collar has the effect of shielding the sediment particles 
from erosion by the down flow. Reference [7] tested 
sacrificial piles as a protective device around the pier and 
found that a pile having a diameter of 0.36D placed at a 
distance of 2D could reduce the maximum scour depth 
about 32% compared to the unprotected pier. Reference 
[13] investigated that collars of larger diameter at or 
nearer the bed are more effective. Reference  [8], obtained 
91% reduction of scour by using a collar of twice diameter 
of the pier and elevation of 0.1D below the average bed 
level. Reference [9] studied development of scouring 
around a rectangular pier with and without a collar. He 
observed that in addition to reduction of the scour depth, 
collar was very effective in slowing down the 
development of scouring. Reference [1] obtained 35% 
reduction of the scour by using a collar with a width equal 
to pier width at bed level at the skewed aligned 
rectangular bridge piers.  
The primary objective of the present study is to 
investigate the effect of sacrificial piles placed upstream 
of the pier and collars placed on the sacrificial piles at the 
bed level on the reduction of the scour depth around the 
bridge piers.  
II. MECHANISM OF SCOURING AROUND THE PIER 
The vortex system and the down flow, along with the 
turbulence, are the principal causes of the local scour [12]. 
At the upstream face of the structure, the approach flow 
velocity goes to zero, called stagnation point. This causes 
an increase in pressure. Due to this phenomenon the water 
surface increases in front of the structure and named bow 
wave. As the flow velocity decreases from the surface to 
the bed, the dynamic pressure on the structure face also 
decreases downwards. Once a scour hole is formed, the 
scouring mechanism is dominated by the vortex system 
and an associated down flow. The down flow digs a hole 
in front of the foundation, rolls up and by interaction with 
the coming flow forms a complex vortex system (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  general view of pier scour 
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III. MECHANISM OF SCOURING AROUND THE PIER – 
SACRIFICIAL PILE ARRANGEMENT  
   Sacrificial piles are the piles placed upstream of the 
bridge pier for the purpose of protecting it from scour. The 
sacrificial piles protect the pier from scour by deflecting 
the high velocity flow and creating a wake region behind 
them [3]. The effectiveness of this method is dependent on 
the number of sacrificial piles, and their diameters and 
also the distance between the bridge pier and sacrificial 
pile [11]. 
 
IV. MECHANISM OF SCOURING AROUND THE PIER – 
COLLAR  ARRANGEMENT  
    Local scour around a solid pier results from the down 
flow at the upstream face of the pier and the subsequent 
development of horse-shoe vortex at its base [4]. Hence, 
one way of reducing scour is to weaken and possibly 
prevent the formation of the down flow and the horseshoe 
vortex. 
    A collar at the bed level or below the bed level reduces 
the strength of the down flow and principal vortex. If it is 
placed around the sacrificial pile, it prevents the pier by 
changing the direction of the streamlines away from the 
pier field. However, the efficacy of a collar depends on its 
size and the location on the sacrificial pile with respect to 
the bed level. 
 
V. EXPERIMENTAL SETUP 
    All tests were conducted under the clear water flow 
conditions at U*/(U*)c<1, where U* is the shear velocity 
of the approach flow and (U*)c is the value of U* at the 
threshold of grain motion. The threshold of bed material 
motion was found by experiment (the flow discharge 
Q=0.055 m3/s and the flow depth y=10 cm) when the pier 
was not installed. The critical shear velocity, which leads 
to sediment motion, was calculated from Shield’s 
diagram. A rectangular channel having a slope of 
S=0.001 with transparent walls, 30 m long and 1.5 m 
wide, was filled with erodable uniform sediment having a 
median diameter of d50=1.48 mm with a standard 
deviation of particle size distribution, σg=1.28. The depth 
and length of the sand layer in the working reach were 
0.50 m and 10 m, respectively. The general view of the 
channel is shown in Fig. 2. 
 
 
Figure 2.  General view of the experimental setup 
 
The flume had a closed-loop water system and the flow 
to the flume was supplied from a constant-head water tank 
by a pump. A gate was mounted at the tail end to adjust 
flow depths. The flow discharge was measured with a 
sharp-crested rectangular weir having the width of 1 m 
and the height of 0.30 m mounted at the upstream section 
of the flume. By means of bricks and sheet-iron strainer 
between them placed at the entrance of the channel as a 
filter, turbulence of the flow was reduced, and the uniform 
flow conditions were maintained which were required for 
upstream head measurements. The scour depths were also 
measured with a pointgage to an accuracy of ±0.1 mm. 
The scour holes were obtained by performing 6-hours 
continuous runs under clear-water conditions and both 
maximum scour depths and temporal developments of the 
scour holes around the piers were investigated. At the end 
of each experiment, the flume was carefully drained and 
sand bed level was straightened for the next experiment 
with a special apparatus, which was made of steel plate 
welded on a steel frame. 
    Fig. 3 shows a definition sketch for a sacrificial pile-
pier arrangement. Sacrificial piles were placed at the 
upstream of the pier at a distance of 2D and 3D for piers 
of D=10 cm and D=5 cm. Diameters of the sacrificial 
piles were d=1 cm, 1.5 cm, 2 cm, 3 cm and 4 cm for pier 
of D=5 cm, and d=1 cm, 2 cm, 3 cm 4 cm and 8 cm for 
pier of D=10 cm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Definition sketch of a sacrificial pile-pier arrangement 
 
    Fig. 4 shows a definition sketch for a collar-sacrificial 
pile arrangement at the upstream of the pier. Collars were 
cut out of 3- mm thick plexi-glass sheet. The collar was 
placed around the sacrificial pile at the original bed level. 
Collar diameters, Dc, were selected as equal to the three 
times of the sacrificial pile diameter, Dc=3d. 
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Figure 4.  Definition sketch of sacrificial pile-collar arrangement at the 
upstream of the pier 
VI. DISCUSSION OF RESULTS 
A. Effect of Sacrificial Piles on the Maximum Scour 
Depth at Bridge Piers 
In the first part of the experiments the maximum scour 
depths around the piers were recorded. Later on, sacrificial 
piles were placed upstream of the pier with intervals of 2D 
and 3D. The results of these experiments were compared 
with those having no sacrificial piles. Fig. 5 shows the 
effect of sacrificial pile diameter on the maximum scour 
depth at bridge piers for different D and L values. It is 
obvious from this figure that, while the distance between 
the sacrificial pile and the pier is increasing, the scour 
countermeasure effect of the sacrificial pile is decreasing 
for both pier diameters. 
 
0
5
10
15
20
25
30
35
40
0 0.2 0.4 0.6 0.8 1 1.2
d/D
%
 
Re
du
ct
io
n
 
in
 
th
e 
m
ax
.
 
sc
o
u
r 
de
pt
h
D=100 mm, L=2D
  D=100 mm, L=3D
D=50 mm, L=2D
D=50 mm, L=3D
 
 
Figure 5.  Variation of  % reduction in the maximum scour depth with 
d/D as a function of L and D 
    In this figure, the trend of the data of piers D=50 mm 
and 100 mm reveals that for a given pier diameter the 
percent reduction in the maximum scour depth increases 
with increasing d/D up to about d/D=0.4. For d/D values 
between 0.4 and 0.8 a slightly decreasing trend is 
observed. It may be stated that there might be an 
optimum % reduction in the maximum scour depth 
around 0.5. From Fig. 5 it is also clearly seen that as the 
pier diameter increases, the effect of the sacrificial pile on 
reducing the maximum scour depth decreases, for a given 
d/D. The maximum percentage reduction in the 
maximum scour depth obtained in this study is about 35% 
for the pier of D=50 mm at d/D=0.4 where the distance 
between the pier and sacrificial pile is L=2D. 
 
B. Effect of Collar Placed Around the Sacrificial Piles 
on the Maximum Scour Depth at Bridge Piers 
In the second part of the study, in order to see the effect 
of the collar on reducing the maximum scour depth around 
the pier, the collar was placed around the sacrificial pile 
on the bed level with a diameter of Dc=3d. Fig. 6 shows 
the variation of % reduction in the maximum scour depth 
with d/D as a function of pier diameter. The trend of the 
data of piers D=50 mm and 100 mm reveals that for a 
given pier diameter the percent reduction in the maximum 
scour depth is increases with increasing d/D and attains 
the values of about 50% and 40 %, respectively. In this 
case, where collar placed around the sacrificial piles, it is 
seen that, the pier of smaller diameter is protected more 
compared to the pier of larger diameter for a given d/D.  
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Figure 6.    Variation of d/D with respect to % reduction in the 
maximum scour depth for various sacrificial piles rounded with collar 
 
    In order to see clearly the effect of sacrificial piles 
having collar on the reduction of the maximum scour 
depth around the piers compared to sacrificial piles 
having no collar Fig. 7 was presented. Referring to this 
figure one can state that the data of the same pier-
sacrificial pile arrangement having a collar and no collar 
show absolutely different trends which had been 
explained in Figs. 5 and 6. Regardless of the pier 
diameter, the % reduction in the maximum scour depth at 
the bridge pier is inversely affected by the presence of 
collar around the sacrificial pile for values of d/D up to 
about 0.5. For d/D values larger than about 0.5 the 
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positive effect of the collar on the % reduction in the 
maximum scour depth is observed. In this zone while the 
% reduction in the maximum scour depth decreases with 
increasing d/D for the pier-sacrificial pile arrangement 
having no collar, with a maximum value of about 20%, at 
d/D=0.8, a rapid increase is seen in the % reduction in the 
maximum scour depth for the pier-sacrificial pile 
arrangement having collar with a maximum value of 
about 40-45 % at d/D=0.80.  
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Figure 7.    Variation of d/D with respect to % reduction in the 
maximum scour depth for various sacrificial piles rounded with collar 
 
    However, it is clear from this figure that, the scour 
countermeasure effect of the collar-sacrificial pile 
arrangement gives incredibly high values with 30% 
difference while the d/D ratio approaches 0.8 with 
compared to without collar case. 
 
VII. CONCLUSIONS 
    The following conclusions can be drawn from this 
study. 
 An increase in the distance between the pier and the 
sacrificial pile results in a decrease in the maximum scour 
depth at the pier for a given d/D. As the pier diameter 
increases, the effect of the sacrificial pile on reducing the 
maximum scour depth decreases for a given d/D. 
Piers of smaller diameters are protected more against 
scour than those of larger diameters when they are tested 
with sacrificial piles having collars around them at the bed 
level for a given d/D. Regardless of the pier diameter 
sacrificial piles having collars protect the piers against 
scour at an increasing trend with increasing d/D. 
d/D=0.5 may be considered as a limit value for the 
effect of sacrificial piles having collar and no collar on the 
reduction of the maximum scour depth around bridge 
piers. For d/D; less than 0.5 the pier-sacrificial pile 
arrangement having no collar, and greater than 0.5 the 
pier-sacrificial pile arrangement having collar results in 
maximum reduction in the scour depth. 
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